With the development of power electronics technology and devices, PWM inverter has been widely used and its fundamental principles have become a new chapter in power electronics course. Three-phase PWM inverter is an important part of motor drive system, the output voltage is composed of differential mode voltage and common mode voltage. The power is transmitted on the basis of differential mode voltage. The current generated by the common mode voltage will consume unfavorable power when it flows through load. However, the impact and analysis of common mode voltage has not attracted enough attention in the teaching of power electronics compared to differential mode voltage. In this paper, software method is used to study the effect of the suppression strategies of common mode voltage. The basic idea is to improve the modulation algorithm and the control of the non zero vector. The traditional SVPWM modulation strategy and several SVPWM based non zero vector PWM (NZPWM) strategies are compared, and then implemented in MATLAB/SIMULINK environment. Finally, the suppression effect on common mode voltage of different strategies is analyzed.
Introduction
Three-phase PWM inverter is an important part of the motor drive system [1] .It's output voltage includes differential mode voltage and common mode voltage. The former is the component that exists between the two phase output of the inverter, and the latter is the component of the inverter output to the ground. With the increasing of the switching frequency of the PWM inverter, when the output has a high-frequency characteristic and a rapidly rising common mode voltage acts on the asynchronous motor, the characteristics of the high-amplitude voltage pulse have a great influence on the performance of the asynchronous motor [2] .
The modulation strategy of PWM inverter can be improved by changing the state combination of inverter devices. It is a software method to suppress the common mode voltage of the inverter. This method does not change the topology of the system and does not increase the cost of hardware. It is the main direction of the inverter common mode voltage suppression. In this paper, we first analyzes the principle and algorithm implementation of traditional space vector pulse width modulation (SVPWM) [3] strategy, then gives several non zero vector pulse width modulation (NZPWM) [4] strategy based on SVPWM, their principle and method are analyzed and studied.
Several modulation strategies to suppress common mode voltage

SVPWM modulation strategy
In the electric traction AC drive system, most of the asynchronous motors are powered by a three-phase two-level PWM inverter [5] . There are eight operating modes for the PWM inverter. For each effective working state, the phase voltage is represented by a synthetic space vector, which is one of the 07 U~U . These vectors have equal amplitude and different phase. The switch vectors of mode 0 and mode 7 are zero vectors.
We can insert some linear combinations in the original interval 12 UU, which is an example to illustrate the implementation of SVPWM control. The linear combination of the new voltage space vector ref U
is shown in Figure 1 , where Ts is the action time of
Fig. 1. Linear combination of voltage space vector
The T1 and T2 in Figure 1 can be calculated according to the following equations:
However, the common mode voltage peak output by the PWM inverter in the zero vector state is 3 times of the non zero vector state. If do not use zero vectors, use other non zero vectors instead of zero vectors, or non zero vectors was used to synthesize the reference vector by a new way. This modulation is called non zero vector pulse width modulation (NZPWM).
Different NZPWM modulation principles
The modulation vector relations of RSPWM, AZSPWM1, AZSPWM3 and NSPWM are shown in Figure 2 .
The RSPWM [6] modulation strategy mainly has 3 kinds of switch states, and the three switch states differ from each other in space by 120 degrees. We use the different combinations of fixed vector groups 1 U , 3 U and 5 U (or 2 U , 4 U and 6 U ) to synthesize reference voltage ref U , as shown in Figure 2 (a) , instead of using zero vectors. The AZSPWM1 [7, 8] modulation strategy uses two non zero vectors of equal size and opposite direction to replace zero vector in SVPWM modulation, which not only has the same effect as zero vector, but also suppresses the output common mode voltage. In addition to using the two non zero vectors involved in the synthesis of the reference vector ref U , the AZSPWM1 modulation strategy also uses the remaining two non zero vectors that are not on the same axis as the two non zero vectors to replace the zero vector. For example, the selection of the voltage space vector in sector I is shown in figure 2 (b) . The NSPWM mainly describes the reference voltage through three near voltage vectors. For example, in the first sector, AZSPWM3 is similar to NSPWM, it also uses three voltage state vectors to describe the reference voltage. The difference is Which voltage vectors are referenced. For example, in the first sector, NSPWM is mainly described by 1 U , 2 U , and 3 U , while AZSPWM3 is mainly described by 1 U , 2 U , and 4 U , as shown in figure 2 vectors and their active time. Therefore, according to this principle, the calculation formula of the voltage state vector action time for different NZPWM can be calculated. Assuming a certain modulation factor, it is defined as:
If the RSPWM modulation strategy uses the voltage vectors 1 U , 3 U , 5 U to synthesize the reference voltage, the calculatin formula for the action time of each voltage vector is: 
In the formula, T1, T3, and T5 are the action times of 1 U , 3 U , and 5 U , respectively. 
In the formula, T1, T2, and T3 are the time of action of vector 1 U , 2 U and 3 U respectively.
Simulation Implementation of modulation strategies
According to the principle of SVPWM algorithm, it's algorithm implementation is mainly divided into voltage transformation, sector estimation, action time calculation, switching time calculation and pulse modulation.
Voltage transformation
Three-phase coordinate transformation to two-phase  − coordinates:
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Determine the which sector the reference voltage vector ref U is located
The basic voltage space vector for this switching period is determined by determining which sector the voltage space vector Then three variables, γ, δ, and ε, can be obtained by analysis. If Uref1>0, then γ=1, otherwise γ=0; If Uref2>0, then δ=1, otherwise δ=0; If Uref3>0, then ε=1, otherwise ε=0. Define ζ=4*ε+2*δ+γ, the relationship between the ζ and the sector can be obtained, and the which sector ref U
is located can be obtained through table 1. Sector Ⅰ Ⅱ Ⅲ
Ⅳ Ⅴ Ⅵ
Determine the action time of two near non zero vectors and zero vectors in each sector
The action time of two near non zero vectors in different sectors can be summed up to the calculation of η, λ and μ: 
Determine the vector switching points in each sector
Define three interval times, as shown in formula (9): 
The relationship between the three-phase voltage switching time switching points Tcmp1, Tcmp2, Tcmp3 and each sector is shown in Table 2 . Tb Ta  Ta  Tc  Tc  Tb   Tcmp2  Ta  Tc  Tb  Tb  Ta  Tc   Tcmp3  Tc  Tb  Tc  Ta  Tb  Ta The modules such as coordinate transformation, sector estimation, vector action time calculation, switching time calculation and pulse modulation module are built in MATLAB/SIMULINK environment, as shown in Figure 3 . 
Simulation results
The driver system model simulation circuit based on the SVPWM modulation strategy is shown in Figure 4 . IGBT is used as a power device to form a three phase full bridge inverter circuit [9] . Motor stator winding is simulated by resistance series inductance of star connection. The neutral point is recorded as N, and the common mode voltage is N point to ground voltage. The specific simulation parameters are as follows: DC bus voltage Ud=600V, sampling period Ts=0.0001s, inverter output frequency 50Hz, resistance R=5Ω, inductor L=0.001H. In addition, a triangular wave is used as a carrier, its period is Ts, and its amplitude is Ts/2. When the SVPWM modulation strategy is adopted, the output common mode voltage can not be eliminated fundamentally by any kind of switch sequence. The common mode voltage waveform of SVPWM modulation is shown in Figure 5 . It is seen from the diagram, the common mode voltage of the SVPWM modulation strategy has two amplitude levels, 300V (Ud/2) and 100V (Ud/6) respectively. The simulation results are in accordance with the theoretical analysis. Since the RSPWM modulation strategy uses fixed vector groups 1 U , 3 U and 5 U to describe the reference voltage, and the corresponding common mode voltage amplitude is -Ud/6. Therefore the common mode voltage value in the RSPWM modulation strategy is always -100V. The common mode voltage amplitude +Ud/6 alternates with -Ud/6 at AZSPWM1, AZSPWM3, and NSPWM modulation strategies, that is +100V and -100V are appeared alternately. It turns out that the common mode voltage is effectively suppressed. Simulation results in line with theoretical analysis.
Conclusion
In this paper, PWM inverter drive motor system common mode voltage suppression methods are studied. The traditional SVPWM modulation strategy and several NZSPWM modulation strategy that are based on SVPWM are compared. The simulation results show that NSPWM modulation strategy effectively suppress the common mode voltage compared to differential mode voltage. For this paper, we simply study several software suppression methods. In the future, we can study the existing research methods in depth and also combine the hardware suppression methods.
